SUMMARY To determine the relationship between vitreous fluorophotometry (VF) and severity of diabetic retinopathy (DR) 13 patients with mild to moderate background DR starting continuous subcutaneous insulin infusion were followed up serially for 12 months. They were studied by colour stereo retinal photographs, which were assessed by the Wisconsin Grading System, and by VF, which was assessed by the permeability index of the retina for fluorescein. By four months the severity of DR on colour photographs had deteriorated by at least one level in at least one eye in eight patients. In four patients the DR did not deteriorate. Assessment of anatomical abnormalities by severity of DR on colour photographs correlated well with the functional abnormalities of the blood-retinal barrier(s) assessed by VF, especially for the macular field. Comparison of permeability index data in the patients developing preproliferative or proliferative features of DR (group A) with the same data in patients who did not develop such changes (group B) indicated that group A patients had more severe DR than did group B patients at entry. Grading of colour photographs showed a similar trend but with greater overlap. Considerable overlap in fluorescein permeability remained between those subjects with no visible DR and those with microaneurysms with or without haemorrhages and small hard exudates.
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Vitreous fluorophotometry (VF) was developed 20 years ago' in the expectation that it would enable a functional abnormality to be identified in patients at risk of developing diabetic retinopathy (DR) prior to the appearance of overt structural abnormalities. Early studies2-5 suggested that this might indeed be the case. However, several groups found considerable overlap between patients with no or minimal retinopathy and the normal range,' despite the use of standardized equipment (Fluorotron Master, Coherent Radiation, Palo Alto, CA) and rigorous mathematical analysis of the data obtained.9 Since only small anatomical differences are present between subjects with no DR and those with minimal DR, correlation was then sought between the degree of fluorescein permeability of the blood-retinal barrier(s) measured by VF, and severity of the structural 
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abnormalities through a larger range of patients encompassing mild to moderate background DR. Patients beginning treatment with continuous subcutaneous insulin infusion (CSII) were selected for study, since earlier reports indicated that significant retinal changes might be observed within a few months of starting CSII. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Patients and methods Thirteen consecutive patients attending the Diabetic Retinopathy Clinic, Hammersmith Hospital, who also accepted CSII were included in the study. Patients with ketosis-prone insulin-dependent diabetes of at least five years' duration and with background DR were studied, who were otherwise in good health and normotensive with diastolic blood pressures not exceeding 90 mmHg. They received no treatment other than insulin. The patients were admitted to the Metabolic Unit of the hospital for three to Vitreous fluorophotometry was performed on both eyes by means of the Fluorotron Master (Coherent Radiation, Palo-Alto, Calif) during the one hour after bolus intravenous injection of 14 mg/kg 20% sodium fluorescein angiography. Fluorophotometry data were analysed initially using the optimised protocol supplied by the manufacturer. From the data and from measurement of plasma-free (nonprotein bound) fluorescein a permeability index for fluorescein of the blood-retinal barrier(s) of the perimacular retina was derived, as described previously. '6 This provided an assessment of the functional abnormalities due to DR and allowed comparison with the structural abnormalities observed on retinal photographs. Units of permeability index were 10-7 cm.s-'. The concentration of fluorescein glucuronide "'9' was considered in concentration equivalents of fluorescein, on the assumption that the transport rates of free fluorescein and free fluorescein monoglucuronide across the blood-retinal barrier(s) were equal.202'
Patients were separated into those who within four months showed deterioration, with the appearance of new preproliferative (CWS or IRMA) or proliferative features (group A), and those who did not deteriorate or in whom change was limited to the appearance of haemorrhage in eyes in which DR was characterised previously by the presence of microaneurysms alone (group B). Severity of retinopathy was compared with the permeability index. The mean of the permeability index for the right and left eye was used for each patient, and values were logtransformed to obtain a normal distribution. Mean values of the log-transformed permeability index for all visits for all patients were then plotted against level of severity of DR. Finally, to determine the relative importance of DR in the macular field alone compared with that of the eye as a whole in leading to elevation of the permeability index, all logtransformed permeability index data were also plotted against level of DR in the macular field (field 2).
Approval for the study was obtained from the Ethics Committee, Hammersmith Hospital, and all patients gave informed consent prior to entry.
Unless stated otherwise, the statistical significance of differences between groups was assessed by Student's paired and unpaired t test, as appropriate. The relationship of PI to retinopathy severity was studied by x2 and Kruskar-Wallis tests.
Results
Of the 13 subjects only two were female. One of these developed florid neovascularisation at four months and required bilateral panretinal photocoagulation. Two other patients did not complete 12 months of study; one departed permanently from the UK after the four-month assessment, and the other died suddenly of lung carcinoma prior to the four-month assessment. Vitreous fluorophotometry data on the latter patient at one month could not be recovered from a faulty computer disc, and this patient was excluded from the analysis. All other patients completed 12 months of CSII treatment successfully.
PROGRESSION OF DR BY GRADING OF COLOUR PHOTOGRAPHS
Severity of DR at entry was assessed at level 20 in four eyes of two patients, at level 30 in nine eyes of six patients, and at level 40 in the remaining 11 eyes of eight patients. Patients who deteriorated were compared with those whose DR remained at a milder level by the step-wise system of grading severity keyed to the worse eye"5 ( Table 1) . By four months a total of eight patients had deteriorated by at least one level in at least one eye, and, of these, seven had developed new CWS, IRMA, or neovascularisation. In the remaining patient, deterioration was restricted to the appearance of haemorrhage in an eye in which Table 2 shows the mean permeability index for right and left eyes in each patient (except subject 8 -initial visit -and subject 12 -initial and one-month visits when data for the right eye only were obtained). of the permeability index and retinopathy level for all observations throughout the 12 months of study. ' 5 It has been suggested"26 that the major causal factor was the rapid lowering of blood glucose concentrations (or changes of associated parameters) resulting indirectly in reduced retinal perfusion, leading to nerve fibre layer infarction and to the appearance of CWS. It is possible that other factors may contribute to the deterioration in these patients. Alternatively, ischaemia may be manifested in the appearance of IRMA and haemorrhages. In this study patients who deteriorated (group A) had a reduction in HbA1 by four months, whereas this was not observed in group B. It is therefore possible that, in this small series also, reduced blood glucose concentrations contributed to the deterioration of DR in group A.
In summary, the data presented suggest that subjects with disruption of the blood-retinal barrier(s), manifested as increased permeability of the perimacular retina to fluorescein, may be at higher risk of deterioration of DR after the institution of CSII, whereas those with milder DR may avoid such deterioration. Furthermore, the pooled data suggest a good correlation between the degree of functional abnormality measured by VF and the severity of structural lesions assessed by a standardized grading technique. The patient who required photocoagulation reconfirmed previous reports that institution of CSII with improved glycaemic control does not prevent the development of neovascularisation. 
